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EASUREMENT 


emperature recorder 





for computerised 
long-term tempera- 
ture logging 





Dallas Semiconductor 
Supplies a series of sen- 
sors that add capture, 


storage and even data 
sorting functions to their 
expected task of measur- 
ing physical quantities. 
The DS1615 temperature 
recorder chip is a particu- 
larly interesting member in 
this family. In this article 
we propose a small PCB 


for it, as well as software 
SO yOu Can experiment to 
your heart’s content. 


Design by L. Lemmens 
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The DS1615 is an integrated tempera- 
ture recorder which is not only capable 
of working as a data logger (for tem- 
perature measurements) but also of 
histogram tabulation (number of dis- 
crete measurements) taken within the 
temperature range -40°C to +85°C. 

Its on-chip real-time clock (RTC) 
counts seconds minutes, hours, days, 
months, days of the week and years, all 
in BCD (binary coded decimal) format. 
The RTC is aware of leap years and 
claimed to be fully Millennium proof. 

The temperature recorder may be 
programmed to any alarm time you 
want within one week. When the 
alarm time is reached, the DS1615 gen- 
erates an interrupt. 

ThelC allows you to program mea- 
surement intervals ranging from 
1 minute to 255 minutes. This applies 
to both measurement modes. The non- 
volatile measurement data memory 
has a capacity of 2048 samples includ- 
ing start a time marker (‘stamp’) when 
used as a data logger, or 63 two-byte 





data bins in 2°C increments when the 
histogram mode is employed. Each of 
these 63 data bins is capable of record- 
ing 25,535 measurements. 

High and low temperature trip 
points may be programmed at which 
an alarm condition is generated (i.e, an 
Interrupt is generated, or a status pin 
toggles). 

The DS1615 is connected to a host 
PC viaaserial interface capable of syn- 
chronous and asynchronous operation. 
The command to start measuring does 
not necessarily have to arrive via the 
serial interface — it may also be issued 
by pressing a pushbutton. 


MEMORY MAP 

Because of the relative complexity of 
the IC, it is impossible to describe all its 
features on a couple of magazine 
pages. If you want to become conver- 
sant with the DS1615 hardware and 
software environment, you should 
download the 20-page datasheet from 
this web URL 
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www.dalseni.com/D ocControl/P D Fs/1615.pdf 


. . SCLK (12) ——t 
A selection of essential facts about the 1 BET GG) 
DS1615 May also be found on the WO (11) SERIAL 
D atasheets in this month’s issue. COMSEL (15)—s| INTERFACE ON 
The block diagram in Figure 1 ie - CONTROL 





shows the general structure of the tem- 
perature recorder chip. It is linked to 


2 
the outside world by control logic, the AV = ee sOn INTERNAL RTC TETEE 
serial interface and, of course, the sen- m AD AND CONTROL spel a 
sor. The clock signal is supplied by a X2 (3) 





32.768 KHZ watch crystal. USER NV RAM 

The rest of the architecture covers 
thememory, which is divided in pages — Ese we 

' CONTROL 

of 32 bytes each. Pages 0 and 1 contain OUTSPEC i LOGIC AGM SE 
the real-time clock and the control reg- INT (7) AND DURATION 
isters, while the non-volatile user RAM N 
is accommodated on page 2. Page 16 | HISTOGRAM MEMORY | MEMORY 
contains an optional 64-bit serial num- 
ber which may be useful for product Bmg 
identification and tracking. The alarm ETET 
time markers and alarm durations are 
stored on pages 17, 18 and 19. Pages 47- Figure 1. Block dia- 
67 are reserved for the temperature gram of the DS1615 
histogram, while the temperature log- temperature recorder 
ging memory resides in pages 128-191. chip. 
Pages not mentioned here are reserved 
for future functions. 

The most interesting page is with- 
out doubt the first one (RTC and Figure 2. RTC and 
Control Page). Its organisation as 2 Control page. 


shown in Figure 2 enables us to 
explain the different commands and 


modes of operation. DS1615 RTC AND CONTROL PAGE Figure 2b 
TEMPERATURE o [ o [0 Seconas [Single Seconas 


RECORDING or [8 [to Mintes [Singers] al 
The temperature sensor has a range of ofefe fete Single Hours m 
-40°C to +85°C at a maximum error of Regier 
+2°C. The temperature value is EE EEN DAY A APER 

expressed in a byte starting with value 0 | 1Dae | “Nge Date 

00000000, for -40°C, up to 1111101% Fo | o |m | Single Months 

for +85°C. The temperature data byte Single Years 
ees |e ee ee 


Celsius by the following equation: [Single Minutes Alarm | Minutes Alarm 


A/P RE 
°C = 0.5 (TByte) - 40 [P | am. 


The current temperature is stored at aau o nen EE 
location 11 of the RTC and Control C High Temperature Threshold Alarm 


E an a captu i z is es 0D | Number Of Minutes Between Temperature Conversions Sample Rate 

a e Value IS avallable Tor Tur- —_ 

: l 0E | EOSC | CLR SE TLIE | THIE | AIE 
frien proLesainia OF instantaneous die: Lee | eoee SCE 6s Se Oy ie eae ee | 


7 i OF 
playing. Temperature values are valid EA — ~ —— 
when the Temperature Ready (TR) bit 
is set. This bit is at O when a measure- 
ment value is being computed and 
written into the memory. is Stat Delay Register (MSB) | Start Delay | 

ere ae A | 
DATA LOGGING | 15 Minutes 


In data logging mode temperature sam- Hours 
ples are successively written to mem- 


te 
ory locations (registers) starting at 
1000h, until a total of 2,048 registers 





Le elaine Se 
curses aU ecu ece aaa) Ls a a Sample 

ging mission may be started either by anh ania 

the host PC via the serial interface, or T TETE 

by the user pressing a pushbutton con- E sid Total 

nected to the DS1615. When PC con- nel abi Samples 

trol is used, the SE bit in the control 

register has to be made 0, causing the 

ST input pin to be disabled. Any non- eee 
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INS OUTS 


VBAT © 


X1 IC1 


SCLK 
RST 


X2 I/O 
nc PS51615 py 


zero value written to the sample rate 
register initiates the datalog mission. 
The pushbutton method of starting a 
datalog mission is enabled by setting 
the SE bit to 1. The mission will start 
when a non-zero value has been writ- 
ten to the sample rate register and the 
ST pin has been held low for at least 
0.5 second. 

Once the datalog mission has been 
Initiated (by either method), outputs 
INSPEC and OUTSPEC will generate 
four low pulses simultaneously, and 
the mission-in-progress bit (MIP) is set to 
1 in the status register The time 
between the start of the mission and 
the first temperature recording is indi- 
cated in minutes in the start delay regis- 
ter at addresses 12 and 13. This register 
is clocked once a minute by the sec- 
onds register of the real-time clock. 

Two methods are available to deal 
with data overrun of the data samples 
counter. The first alternative is to 
employ the roll-over feature and set 
bit 3 of the control register to 1. New 
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data will then overwrite old data from 
address 1000, onwards. The other 
method is to halt data capturing once 
2048 measurements have been made. 
This requires programming a Ofor the 
roll-over bit (RO). 

Although the DS1615 uses the RTC 
to make a time stamp for the first sam- 
ple recording, time stamps for subse- 
quent measurements have to be com- 
puted from the value of the current 
sample counter and the sample address. 
This is not a problem when roll-over 
has been disabled. By contrast, in roll- 
over mode the user has to evaluate 
the contents of the session sample regis- 
ter. By dividing this value by O7FF,, 
you get the number of overruns that 
have occurred. 

For security reasons, the end user 
can not write to the temperature data- 
log memory. 


Figure 4. PCB track layout and 
component overlay (PCB 
available ready-made). 
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Figure 3. Circuit 
diagram of the 
temperature 
recorder. 





HISTOGRAMS 

During a datalogging mission the 
DS1615 also computes a histogram of 
the recorded temperature samples. The 
results are stored in the four tempera- 
ture histogram memory pages addresses 
0800, - 087F;,. These pages contain 63 
two-byte data bins. Each bin consisting 
of a 16-bit counter, its count range is O- 
65,535. This counter is automatically 
incremented each time a measured tem- 
perature falls within its range. For exam- 
ple, bin #0 captures temperatures in the 
lowest range, -40°C to -38.5°C (values 
Ob, 1p and 11,), bin #1 is for tempera- 
tures between -38°C and -36.5°C (values 
11, 100, and 101,), and so on up to bin 
#62 for samples between +84°C and 
+ 85°C (values 11111000,, 11111001b and 
11111010,). All data bins will remain at 
the maximum count of 65,535 when this 
number is exceeded. 


COMPONENTS LIST 


Resistors: 
R1,R2 = 1kQ 
R3 = 10kQ 


Capacitors: 
C1,C2,C5,C6 = 10uF 16V 
C3,C4 = 100nF 


Semiconductors: 

D1,D2 = LED, low-current 
D3 = 1N4148 

IC1 = DS1615 (Dallas 


Semiconductor) 
IC2 = DS275 Dallas Semiconductor) 
IC3 = 7805 


Miscellaneous: 

X1 = 32.768 kHz quartz crystal 

BT1= Lithium cell, 3.6V 

S1 = pushbutton, 1 make contact 

PCB, order code 990073-1 (see 
Readers Services page) 

Disk set, set, order code 996030-1 
(see Readers Services page) 
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OUT OF SPEC 

In many applications it is useful to 
know the number of occurrences, and 
the duration, of temperatures outside 
a certain ‘allowed’ range. The relevant 
limits (upper and lower) are stored in 
the temperature alarm register which 
may be found at addresses O00B;, and 
000C}. No alarm condition is recorded 
by the DS1615 as long a measurement 
value falls within this user-defined 
range. If an out-of range value is mea- 
sured, the IC sets the temperature 
high flag (THF) or the temperature low 
flag (TLF), depending on the actual 
value. These fags are found in the sta- 
tus register at address 0014. The tem- 
perature recorder also produces atime 
stamp marking the start of the alarm, 
and measures how long the tempera- 
ture is out of range. When the upper 
limit is exceeded, the INT pin pro- 
duces an interrupt provided the tem- 
perature-high interrupt enable bit 
(THIE) is set. Similarly, an INT signal 
is produced when the temperature low 
interrupt enable (TLIE) bit is set, and the 
measured temperature drops below 
the lower limit. 

Time stamps and duration data 
may be found in the address ranges 
0220} - O24F;, for low temperatures, 
and 0250,, - 027F,, for high tempera- 
tures. In this way, up to twelve indi- 
vidual alarm conditions (‘over’ and 
‘under’ temperature) may be 
recorded and time-stamped. The date 
and time information for the alarm 
periods are computed from the data 
read from start time stamp and the 
sampling interval. 

The status of the DS1615 may be 
read from the logic states of its 
INSPEC and OUTSPEC terminals. 
When the user launches a datalog mis- 
sion, four active-low pulses appear 
simultaneously at both outputs. If the 
DS1615 is polled for data on recorded 
temperature samples, and these values 
are within the allowable range, then 
the INSPEC pin supplies four low 
pulses. If at least one sample was over 
or under the set limits, the OUTSPEC 
pin is pulsed. If the chip is polled after 
a datalog mission has been started, but 
still before the first measurement, then 
four low pulses appear alternating on 
both pins. 








CLOCK, CALENDAR 
AND ALARM 
Access to the timekeeping and calen- 
dar data (stored in BCD format) is via 
read or write operations to the corre- 
sponding register bytes. The DS1615 
operates either in 12-hour or 24-hour- 
mode (bit 6 at address 09 of the RTC 
and Control Page). The previously 
stored bit employs the AM/PM infor- 
mation to decode between the first and 
second set of 12 hours. 

The alarm resisters are stored in 
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address area 0007, to OOOA,,. The four 
bits 7 (MS, MM, MH and MD) produce 
a bitmask which determine the degree 
of matching that should exist between 
the alarm and RTC registers (0000, to 
0003,,) for an alarm condition to be set 
up. For the security’s sake, a change in 
the alarm setup halts the data capture 
Operation and resets the MIP bit. 


SPECIAL PURPOSE 
REGISTERS 

The DS1615 has additional special 
functions in store besides the standard 
functions mentioned so far. These are 
the bits not mentioned so far (all on 
RTC/CONTROL page): 


EOSC (address OEh, bit 7) 

Enable oscillator controls the state of the 
oscillator in battery back-up mode. 
When set to 0, the oscillator is active. 
When set to 1, the oscillator is halted 
and the DS1615 goes into a low-power 
standby state with a current drain of 
less than 100 nA. 


CLR (address OEh, bit 6) 

Clear Enable enables the clear memory 
command. Following the issuing of this 
command, the CLR bit is also cleared 
to zero. 


AIE (address OEh, bit 6) 
Alarm Interrupt Enable allows the alarm 
flag (ALM F) to generate an INT signal. 


MEM CLR (address 14h, bit 0) 
Memory Clear indicates that the fol- 
lowing memories are cleared: datalog, 
histogram, temperature alarm, current 
samples, start time stamp, start delay 
and sample rate register. When a dat- 
alog mission is started, MEM CLR 
goes to 0. 


SIP (address 14, bit 4) 

Samplein Progress is active when a mea- 
surement value is being processed. 
This takes up to 750 ns. 


LOBAT (address 14h, bit 3) 
The Low Battery Flag is raised when the 
Lithium cell reaches alow energy leval. 


ALMF (address 14h, bit 0) 

The Alarm Flag when active indicates 
that the current time matches the time 
set up in the alarm registers. When 
then AIE bit is active, INT is made low. 
When you make AIE low, ALMF is 
also reset. 


SERIAL INTERFACE 

The DS1615 provides two different 
types of serial communication: syn- 
chronous and asynchronous. In both 
modes, the LSB is transmitted first, and 
the MSB, last. The Communications 
Sdect Input (COMSEL) selects between 
the two available modes. In synchro- 
nous mode, the communication (with 


RST = 1) is via the serial clock line 
SCLK and the data I/O line. Addresses 
are supplied first, and data last, when 
aread or write command is issued. The 
highest data communication rate is 
2 Mbps. 

Synchronous communication is 
selected by pulling COMSEL to 
ground, or leaving it open. The DS1615 
then employs a half-duplex format at a 
data speed of 9600 bits/s. As customary 
with UARTs, the protocol includes the 
transmission of start and stop bits. The 
data input of the DS1615 is labelled 
‘RX’, the data output, ‘TX’. 

The asynchronous communication 
mode employs a CRC (cyclic redun- 
dancy check). If the communication 
fails (for whatever reason), the DS1615 
recognises the absence of the stop bit, 
or the presence of more than 10 bit 
periods when reception is interrupted. 
It responds by resetting the communi- 
cation process. 

In synchronous mode, the commu- 
nication may simply be interrupted by 
activating the RST line. 


COMMANDS 

All communication with the DS1615 is 
accomplished by writing acommand 
to the device followed by parameter 
bytes. There are five commands in all. 


WRITE BYTE (22h) 

The host writes a byte into the RTC, the 
control register and the non-volatile 
user RAM. The write command is fol- 
lowed by the address. N ext comes the 
date byte. Response from DS1615: none. 


READ PAGE (33h) 

The host sends a read command fol- 
lowed by 16 address bits (MSB first). 
The DS1615 then supplies the byte 
contents of the selected page (plus two 
CRC bytes for data integrity checking). 
In asynchronous mode, TX becomes 
inactive after the last register. In syn- 
chronous mode, however, outputting 
continues as long as the serial interface 
keeps extracting a clock signal. 


SPECIFICATION TEST (44h) 

The host transmits the command, 
and the DS1615 replies with four low 
pulses on the INSPEC our OUT- 
SPEC pin, depending on the mea- 
sured values being inside the defined 
range or not. 








READ TEM PERATURE (55h) 
Prompted by this command from the 
host, the DS1615 reads the current 
temperature and stores it in the Cur- 
rent Temperature Register (when MIP 
is at 0). However, the temperature 
value is not stored in the datalog mem- 
ory or the histogram memory. After the 
command, the TR bit has to be evalu- 
ated to determine the end of the con- 
version. 
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Figure 5. The screendumps 
prove that the software was 
written for intuitive control. 


CLEAR MEMORY (A5h) 

Once this command has been enabled 
by CLR and its transmission, the fol- 
lowing memories are cleared: datalog, 
histogram, temperature alarm, current 
samples, start time stamp, start delay 
and sample rate register. 


DS1615 
EVALUATION KIT 
Dallas Semiconductor offer a Evalua- 
tion Kit to demonstrate the power and 
versatility of the DS1615 temperature 
recorder. The kit allows the registers, 
memories, date, alarm conditions and 
temperature limits to be programmed. 
The kit comprises a small circuit board 
with aDS1615 on it and connected-up 
to a sub-D socket, a couple of other 
components, an RS232 cable and con- 
trol software for the Windows 95/98 
platforms. This software is available on 
two disks through the Elektor Electronics 
Readers Services. The disks also con- 
tain all documentation files for the 
DS1615 and some source code files. 
The circuit diagram in Figure 3 
shows another Dallas IC, the DS275. 
This chip is included to arrange all ser- 
lal communication with the PC. Its 
main function is to convert the sym- 
metrical voltages on the RS232 lines 
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into single-swing TTL/CMOS levels 
and the other way around. In fact it 
does practically the same as the ubiq- 
uitous MAX232, only much more effi- 
ciently because the IC ‘steals’ energy 
from the negative excursion of the 
RX_IN signal, making it available to 
the TX_OUT pin. 


MENUS AND OPTIONS 
Once the program has been installed it 
is available for running either through 
a desktop icon or an entry in the Pro- 
grams menu. 

The main menu appears (Fig- 
ure 5a). This not only provides a quick 
visual impression of the datalogging 
mission and the associated histogram, 
but also the start delay and the start 
condition (PC or pushbutton). The two 
diagrams in the window may be 
enlarged to full size by clicking on the 
respective buttons in the menu bar. 
The measurement is launched and 
closed via the main menu. The number 
of measurement values, the time stamp 
of the first measurement and the status 
of the MIP and RO bits are all shown 
In the Status window. This window 
also allows all memories to be cleared. 

The Time and Calendar menu (Fig- 
ure 5b) allows you to set and read the 


time format (12/24 h), the calendar and 
the alarm. The year is shown as two 
digits (Y2K compatible). The alarm 
indicator shows you the occurrence of 
a time/date alarm. 

The Current Temperature/T hresh- 
old Set menu (Figure 5c) is mostly self- 
explanatory. In the status area, the two 
temperature limits may be defined 
between -40°C and +85°C in 0.5°C 
increments. The status window also 
Shows whether or not all collected 
measurement values are within the 
user-defined range. 

Finally, the User Memory menu 
(Figure 5d) allows the user to program 
and/or edit the non-volatile memory. 
This memory may be cleared by a sin- 
gle mouse click on the CLEAR button. 
Programming is done in hexadecimal 
or using character strings. The first line 
in the User NV Memory window rep- 
resents the address range. The next 
line contains the eight databytes. The 
corresponding ASCII characters are 
shown at the right. 

(990073-1) 
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